tocysts, she was clinically and molecularly diagnosed with NBCCS. Identification of a cardiac fibroma should prompt careful assessment of past medical and family history with consideration of a diagnosis of NBCCS. © 2018 S. Karger AG, Basel Cardiac tumors in children are rare and often benign neoplasms with estimates of incidence ranging from 0.03 to 0.32% [Becker, 2000; Miyake et al., 2011; Linnemeier et al., 2015] . The most common types of cardiac tumor in pediatric populations are rhabdomyomas and fibromas. These tumors are often associated with genetic conditions, including the well-described association between cardiac rhabdomyomas and tuberous sclerosis [Becker, 2000; Northrup et al., 2015] . One such association is that between nevoid basal cell carcinoma syndrome (NBCCS), also known as Gorlin syndrome, and cardiac fibromas. Approximately 3% of individuals with NBCCS will develop a cardiac fibroma. NBCCS is also characterized by lamellar or early calcification of the falx, jaw keratocysts, palmar and/or plantar pits, and multiple and/or early-onset basal cell carcinomas [Gorlin, 2004; Bree et al., 2011; Huq et al., 2017; Evans and Farndon, 2018] . Characteristic facial features of NBCCS include macrocephaly, frontal bossing, and hypertelorism. The prevalence of NBCCS is estimated at approximately 1/30,000 to 1/18,000 [Evans et al., 2010; Evans and Farndon, 2018] . In the medical literature, there is one case report describing an 8-month-old infant with a family history of NBCCS who presented with ventricular tachycardia (VT) and left ventricular tumor, subsequently identified as a cardiac fibroma [Bossert et al., 2006] . Herein, we report a case of a 6-year-old female presenting with VT secondary to a cardiac fibroma, with no known family history of NBCCS, who is subsequently clinically and molecularly diagnosed with NBCCS.
Case Report and Results
The 6-year-old patient presented to the emergency department with a rapid heart rate. EKG revealed a heart rate of 169 beats per minute in sustained VT. Transthoracic echocardiogram revealed depressed ventricular function consistent with tachycardia-induced cardiomyopathy and a ventricular tumor mass located along the atrioventricular groove posterior to the left atrium and left ventricle ( Fig. 1 ) . Her VT had both right and left bundle branch block morphologies on EKGs indicating different exit points along the ventricular septum ( Fig. 2 ) . The arrhythmia was initially not responsive to intravenous esmolol and lidocaine, but was subsequently controlled by intravenous procainamide. She was transitioned to oral amiodarone and nadalol with no recurrence of VT for the past 8 years. She also had a negative electrophysiological study with no inducible ventricular arrhythmias. Once stable, cardiac MRI was performed to better visualize the mass, which was determined to be 3.2 × 3.0 × 2.9 cm in size and attached to the posterior aspect of the left ventricle, extending to the base of the left ventricle, and straddling the atrioventricular groove as well as protruding behind the left atrium ( fibroblasts with no cardiac muscle identified, consistent with a cardiac fibroma with no neoplastic transformation. The cardiac fibroma has remained stable in size per MRI and echocardiogram with no clinical evidence of arrhythmias. At age 10, the patient was identified to have 3 mandibular cysts, which were asymptomatic and excised without complication. During orthodontic treatment at 13 years of age, a subsequent lesion of the mandible was identified. CT of the facial bones revealed multiple lucent lesions, 7 of which were excised and identified as odontogenic keratocysts by pathology ( Fig. 4 ) . The patient was then referred to Clinical Genetics with suspicion for NBCCS due to her history of multiple recurring odontogenic keratocysts.
The patient's prenatal, neonatal, and developmental histories were unremarkable. In addition to the health concerns noted above, she also has attention deficit hyperactivity disorder, anxiety, and depression, which are treated by medication and therapy. Physical examination at 13 years was significant for a prominent forehead, deep-set eyes, bulbous nasal tip, and multiple palmar pits ( Fig. 5 ) . The patient met clinical diagnostic criteria for NBCCS due to a history of multiple recurring odontogenic keratocysts, 2 or more palmar pits, and cardiac fibroma (2 major and 1 minor criteria) [Evans and Farndon, 2018] . Upon further review of the family history, the patient's father was noted to have recently diagnosed jaw cysts. Based on this clinical diagnosis, molecular confirmation by PTCH1 sequencing was recommended. A further review of the CT of her facial bones in light of this clinical diagnosis revealed small amounts of calcification in the anterior falx, confirming the presence of all 3 major clinical diagnostic criteria [Evans and Farndon, 2018] .
The patient was identified to have a previously reported pathogenic missense variant in PTCH1 , c.1526G>T (p.Gly509Val). This variant was previously reported to segregate with NBCCs in a family, and other variants affecting this codon have been reported in association with NBCCS [Chidambaram et al., 1996] . The variant was not observed in a large population database (ExAC). Experimental studies of this variant showed activation of hedgehog signaling through a dominant negative mechanism consistent with the known mechanism of NBCCS [Hime et al., 2004; Pan et al., 2010] .
Discussion
This case demonstrates an atypical presentation of NBCCS and an opportunity for early detection of this condition in other children with cardiac fibromas. NBCCS, also known as Gorlin syndrome, is characterized by lamellar or early calcification of the falx, jaw keratocysts, palmar and/or plantar pits, and multiple and/or early-onset basal cell carcinomas [Gorlin, 2004; Bree et al., 2011; Huq et al., 2017; Evans and Farndon, 2018] . NBCCS is most often inherited from an affected parent, though approximately 20-30% of the cases are de novo [Evans et al., 2010; Evans and Farndon, 2018] . Less commonly reported features of NBCCS include skeletal anomalies, early childhood medulloblastoma, cleft lip/ palate, and ovarian fibroma in women Evans and Farndon, 2018] .
Cardiac fibromas are found in approximately 3% of individuals with NBCCS [Gorlin, 2004; Evans et al., 2010; Evans and Farndon, 2018] . While typically presenting in infancy, and often associated with arrhythmias, cardiac fibromas have been reported to develop up to the age of 60 in individuals with NBCCS [Gorlin, 2004; Evans et al., 2010; Evans and Farndon, 2018] . In the medical literature, there is one case report describing an 8-month-old infant with a family history of NBCCS who presented with VT and left ventricular tumor, subsequently identified as a cardiac fibroma [Bossert et al., 2006] . Given the wide phenotypic spectrum of NBCCS, a high index of suspicion is required for making an early diagnosis of NBCCS. In light of the case reported herein, we propose that pediatric patients with cardiac fibromas should be carefully assessed for a diagnosis of NBCCS. Interestingly, somatic copy number variations of PTCH1 have been reported in cardiac fibroma, suggesting the role of PTCH1 in the pathogenesis of cardiac fibroma in general beyond NBCCS [Scanlan et al., 2008; Zhang et al., 2015] .
Our case presented with a rarely identified manifestation of NBCCS and subsequently developed all 3 major diagnostic criteria for the condition. Given the age of diagnosis of her cardiac fibroma, she would not have been expected to show other hallmark features of the condition including jaw keratocysts or early-onset basal cell carcinomas [Evans et al., 2018] . She also presented with her cardiac fibroma outside of infancy, the typical time of diagnosis. The diagnosis of NBCCS in a proband allows for cascade genetic testing of other family members, impacting not just the medical management of the proband, but of the entire family. In light of the risk for basal cell carcinomas and early childhood medulloblastoma, identifying families with NBCCS is critically important in order to allow for appropriate cancer screenings in those at risk. Individuals with NBCCS are cautioned against ionizing radiation exposure, encouraged to apply sunscreen frequently, and to limit sun exposure [Bree et al., 2011] . Those under 8 years of age are recommended to have annual brain MRI with contrast in order to screen for medulloblastoma. Additionally, referrals for dermatologic, clinical genetics, developmental pediatrics, obstetric-gy- necologic and psychologic evaluations are all recommended for individuals with a new diagnosis of NBCCS. These recommendations are important for reducing basal cell carcinoma development, decreasing the risk for associated malignancies, and identifying potential complications of NBCCS early [Bree et al., 2011] . Additionally, cancer surveillance guidelines were recently published for individuals with NBCCS [Foulkes et al., 2017] .
While rarely a presenting manifestation of NBCCS, cardiologists should have clinical suspicion and carefully evaluate for NBCCS when a child is identified with a cardiac fibroma. Early clinical recognition of NBCCS would facilitate the timely identification of basal cell carcinoma or medulloblastoma and implementation of surveillance guidelines. Therefore, assessment of personal and family history, with special attention to the presence of jaw cysts and basal cell carcinomas, should be performed in cases of cardiac fibromas in order to identify those with NBCCS and optimize their management.
